diatric and adult aneurysms may have different causes, extrapolation of data from adult studies may not be applicable. 2, 8, 20 In this study, we examined a large single-center experience to determine the incidence and behavior of AVM-associated aneurysms in children with AVMs.
Methods

Study Population
We performed a retrospective review of patients ≤ 21 years old who presented to Columbia University/Morgan Stanley Children's Hospital of New York between 1991 and 2010 with the diagnosis of a cerebral AVM. Hospital records, office charts, and radiographic imaging studies were reviewed. All patients underwent conventional cerebral angiography. Patients with other cerebrovascular lesions including dural fistulas, circle of Willis aneurysms, and vein of Galen malformations were excluded. Patients who did not undergo any form of subsequent treatment of the AVM were excluded. All imaging studies were reviewed by an attending neurosurgeon, an endovascular neurosurgeon (S.D.L.), and an interventional neuroradiologist (P.M.M.).
Outcome Assessment
Patients were divided into 2 groups: those with isolated AVMs and those with AVM-associated aneurysms. Aneurysms were defined as saccular dilations of the lumen of a blood vessel with characteristic delayed filling relative to nearby regions. In patients with AVM-associated aneurysms, the aneurysm location was subdivided into arterial, intranidal, or venous (Fig. 1) . Clinical and radiographic data were collected to determine the pediatric adjusted GCS score on presentation, presence or absence of intracranial hemorrhage, and the Spetzler-Martin grade of each lesion. Outcomes were measured by comparing mRS scores at admission, discharge, and latest follow-up. The time from radiographic diagnosis to initial embolization, resection, or radiation of the aneurysm and AVM was compared between groups.
Treatment
In this study, children presenting with AVM-associated hemorrhage underwent urgent cerebral angiography when medically stable. If any AVM-associated arterial or intranidal aneurysms were identified, and the bleed pattern or aneurysm morphology was suspicious for the aneurysm to be the likely source of the hemorrhage, endovascular treatment of the aneurysms was performed at that time. Embolization for venous aneurysms was not performed. Treatment of the AVM nidus was performed in a delayed fashion using a combination of endovascular staged embolization, open surgical excision, or stereotactic radiosurgery. Patients with isolated or unruptured AVMs were treated in a delayed fashion using similar modalities.
Statistical Analysis
Univariate analyses were conducted to determine associations of clinical, radiographic, and demographic variables with the presence of AVM-associated aneurysm and incidence of AVM hemorrhage. The Fisher exact test, chi-squared test, t-test, Wilcoxon signed-rank test, and Mann-Whitney U-test were used as appropriate. All variables with a univariate association of p < 0.02 were entered in a logistic regression model to predict AVM hemorrhage. All statistical analyses were performed using SPSS version 18.
Results
Study Population
Seventy-seven children with cerebral AVMs were treated during the study period. The mean age was 13.4 years, with 38 boys (49%) and 39 girls (51%). Eleven (14%) children were treated with surgical excision alone, 16 (21%) by radiosurgery alone, 43 (56%) with endovascular occlusion followed by surgical excision, 4 (5%) with endovascular occlusion followed by radiosurgery, 2 (3%) by radiosurgery and excision, and 1 (1%) using only embolization. There were no cases of patients presenting with hemorrhage who did not receive subsequent treatment for the AVM.
Association Between AVM-Associated Aneurysms, Hemorrhage, and Outcome
A total of 30 aneurysms were found in 22 patients (29% of cases). Eleven were arterial (37%), 9 intranidal (30%), and 10 venous (33%) in location (Table 1) . Multiple aneurysms were present in 7 cases (32% of patients). When patients were divided into those with or without AVM-associated aneurysms, there was no significant difference in the mean age of patients, sex, or location of AVM.
When AVM size, venous drainage, and eloquence were examined to determine Spetzler-Martin grades, no significant differences were found between children with isolated AVMs and those with AVM-associated aneurysms (Tables 2 and 3 ). There was a significant finding regarding a larger nidus size in AVM patients with associated aneurysms (p = 0.019).
Overall, 48 (62%) of 77 children presented with hemorrhage. A number of factors had a univariate association with presence of hemorrhage, including arterial-based aneurysm presence (p = 0.045), age (p = 0.018), symptomatic discovery (p < 0.001), admission GCS score (p < 0.001), and admission mRS score (p < 0.001; Table 4 ). Only admission mRS score remained significant after multivariate analysis (p = 0.028), with age possessing a strong trend toward significance (p = 0.082).
When children with isolated AVMs (35 of 55 [64%]) were compared with children with AVM-associated aneurysms (13 of 22 [59%]), there was no significant difference in the rate of hemorrhage (p = 0.91; Table 2 ). However, of the 11 children with AVM-associated aneurysms in an arterial location, 10 presented with hemorrhage (91%). In 7 of the 10 cases, the location of the bleed and morphology of the aneurysm suggested that the aneurysm bled. There was a significantly higher initial hemorrhage rate with arterial aneurysms than those in children with isolated AVMs (35 of 55 [64%]; p = 0.023) or those with aneurysms only in other locations (3 of 11 [27%]; p = 0.001). When multivariate logistic regression analysis was performed, however, the association between an arterial-based aneurysm and hemorrhage did not reach statistical significance as an independent risk factor for hemorrhage (p = 0.37).
There was no significant difference in initial GCS score between children with isolated AVMs and those with AVM-associated aneurysms (mean 13.9 for both groups; p = 0.405; Table 2 ). When clinical status was compared (using mRS score) there was no significant difference between the two groups at presentation and most recent follow-up, although there was a significant difference at discharge (p = 0.027; Table 2 ). The overall cohort showed improvement in clinical status from admission to most recent follow-up (p = 0.005). Children with both isolated AVMs and AVM-associated aneurysms had equivalent clinical improvement over time (average mRS score improvement 1.36 and 1.39, respectively; p > 0.9; Table 2 ).
Association Between Hemorrhage, Time Until Treatment, and Aneurysm Presence
In patients with an AVM only, the average time between diagnosis and initiation of treatment was 56 days. However, in children with AVM and concurrent aneurysms, there was a mean time of 8 days between diagnosis and treatment (p < 0.001). In patients who presented with hemorrhage who were found to harbor arterial aneurysms that were believed to be the cause of hemorrhage, the average time from diagnosis to treatment was 2.4 days. In this series, there were no patients who suffered from hemorrhage after presentation or treatment but prior to complete obliteration of the AVM.
Discussion
In this study we have shown that nearly one-third of children with AVMs harbor associated aneurysms. Furthermore, the presence of an AVM-associated aneurysm in an arterial location is strongly associated with hemorrhage in children. To the best of our knowledge, this is the largest study to report the overall incidence of AVMassociated aneurysms in children as well as their association with hemorrhage.
An AVM-associated aneurysm was found in 29% of children with AVMs in this study. The majority of aneurysms were arterial in location (37%), with a similar percentage of intranidal (30%) and venous (33%) locations. The presence of an aneurysm could not be predicted based on patient age, sex, or location of the AVM. The SpetzlerMartin scale and its components were also not found to be associated with the presence or absence of aneurysms within this cohort. These findings are similar to incidences reported in adult studies but substantially higher than prior reports suggesting a lower incidence (around 9%) of aneurysms in children. 20, 22 A much smaller study 10 recently reported a 16.7% incidence of associated arterial and intranidal aneurysms in pediatric patients with AVMs, which is more comparable to patients within this study presenting with these particular types of aneurysm (23%). Possible explanations for such differences from older publications may be the larger size of this study or the more sophisticated and detailed angiographic images currently available with biplane digital subtraction angiography compared with single-plane manual subtraction angiography in older studies. Sixty-two percent of patients in this study presented with hemorrhage. This high level of hemorrhage on presentation is consistent with other recent studies focusing on pediatric AVMs. 6, [9] [10] [11] 14, 15, 17, 26 Overall, the presence of an AVM-associated aneurysm was not associated with a significant difference in the incidence of hemorrhage. This is probably because AVM-associated aneurysms in only venous and intranidal locations (48% of patients) did not appear to be associated with hemorrhage when separated from arterial aneurysms for additional statistical analysis. However, there was an association between AVM-associated aneurysms in an arterial location with hemorrhage. Seven of the 10 patients with arterial-based aneurysms had radiographic evidence highly suggestive that the aneurysm was the source of the hemorrhage. This is in agreement with some studies in adult patients with AVMs, where the presence of an aneurysm has been shown to be an independent risk factor for hemorrhage. 3 In this study, the association between an arterial-based aneurysm and hemorrhage reached statistical significance on univariate analysis (p = 0.045). However, multivariate logistic regression analysis demonstrated a trend, but did not reach statistical significance, as an independent risk factor for hemorrhage (p = 0.37). The most likely explanation for this difference is that despite the large size of our study, the overall low incidence of arterial-based aneurysms led to insufficient power to convey the statistically significant additional risk of concurrent arterial aneurysms and AVMs. From our clinical experience in both children and adults, we believe that arterial aneurysms present an increased risk of hemorrhage in the pediatric population, and as such should be treated in the acute setting. Our hypothesis is that the flow dynamics of an AVM with an arterially based aneurysm are altered enough to affect the transmural pressure and lead to an increased risk of rupture, possibly due to the higher flow rate and pressure on the arterial side of an AVM compared with an intranidal location or the venous side.
Regarding clinical status, our data confirm prior studies that demonstrate that children with AVMs overall improve clinically over time. 23 Comparison of clinical status at initial presentation, discharge, and most recent follow-up all suggested that while children with AVMassociated aneurysms have worse neurological status at discharge, there was no significant difference between children with isolated AVMs and those with AVM-associated aneurysms at long-term follow-up.
Contrary to many other pediatric centers, our clinical practice for the past 2 decades has been to perform urgent cerebral angiography in children with suspected AVMs to identify and potentially treat AVM-associated aneurysms. We have done this because of our hypothesis that AVM-associated aneurysms have a higher risk of rehemorrhage than isolated AVMs. The purpose of this paper was not to discuss indications or compare treatment strategies for children with AVMs. Rather, we intended only to determine if our clinical approach was supported by data. The limitations of this paper are those inherent to a retrospective review and that because of the absence of a control group, our data do not allow us to make any conclusions regarding whether early treatment of AVMassociated aneurysms actually reduces the incidence of initial or recurrent hemorrhage.
Conclusions
Associated aneurysms are present in nearly one-third of children with AVMs. When they are arterially located, they may be more likely to present with hemorrhage than if intranidal or venous in location, or if no aneurysm is present. These data suggest that early angiography with endovascular treatment of arterial-based aneurysms in children with AVMs may be indicated.
